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httpThe prevalence of carotid artery stenosis varies
signiﬁcantly by race
Caron B. Rockman, MD,a Han Hoang, MD,a Yu Guo, MA,b Thomas S. Maldonado, MD,a
Glenn R. Jacobowitz, MD,a Toghrul Talishinskiy, MD,a Thomas S. Riles, MD,a
and Jeffrey S. Berger, MD,a,c New York, NY
Objective: Certain races are known to be at increased risk for stroke, and the prevalence of carotid artery stenosis (CAS) is
thought to vary by race. The goal of this report was to study the prevalence of CAS in different races by analyzing
a population of subjects who underwent vascular screening examinations.
Methods: The study data were provided by Life Line Screening. The cohort consists of self-referred individuals who paid
for vascular screening tests. Subjects <40 and >100 years of age and those who reported a prior stroke or carotid artery
intervention were excluded. Of the remaining 3,291,382 subjects, 3.7% did not self-identify a race. CAS was deﬁned as
stenosis in either internal carotid artery $50% by duplex ultrasound velocity criteria.
Results: The 3,291,382 subjects available for analysis consisted of Caucasian (2,845,936 [90%]), African American
(97,502 [3.1%]), Hispanic (75,240 [2.4%]), Asian (60,982 [1.9%]), and Native American (87,757 [2.8%]) individuals.
The prevalence of CAS was 3.4% in females and 4.2% in males (P # .001). Controlling for gender and age, there was
marked variation in the prevalence of CAS (P < .001) by race. Native American subjects had the highest prevalence of CAS
across all age categories and in both sexes. Caucasian subjects had the second highest prevalence of CAS across most age
decades and in both sexes. Among males, African American individuals had the lowest prevalence of CAS in nearly all age
categories. In contrast to males, Asian females had the lowest prevalence of CAS compared with females of other races in
most age groups. Multivariate analysis adjusting for atherosclerotic risk factors in addition to age conﬁrmed race as
a signiﬁcant independent predictor of CAS. Compared with Caucasian subjects, African American (odds ratio [OR],
0.65), Asian (OR, 0.69), and Hispanic (OR, 0.74) subjects had a signiﬁcantly lower risk of CAS, whereas Native
American (OR, 1.3) subjects had a signiﬁcantly higher risk of CAS.
Conclusions: The prevalence of clinically signiﬁcant CAS varies signiﬁcantly by race. Native American and Caucasian
individuals have the highest prevalence of CAS, whereas African American males and Asian females appear to have the
lowest prevalence. This information adds evidence to the hypothesis that the increased stroke rate in African American
subjects is likely not related to extracranial cerebrovascular disease. Furthermore, this is a novel report of an extremely
high prevalence of CAS in the Native American population. (J Vasc Surg 2013;57:327-37.)In 2012, the United States population has grown to
313 million, making it the third most populous country
in the world.1,2 The growth has been fastest among minor-
ities, which now make up approximately one-third of the
U.S. population.3 According to the Census Bureau’s esti-
mation for 2010, almost 50% of American children under
the age of 5 years belonged to minority groups.3 The fast-
est growing are Hispanic Americans, now representing 15%
of the U.S. population; black or African Americans account
for 12%; and Asian Americans, American Indian and Alas-
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://dx.doi.org/10.1016/j.jvs.2012.08.118grows, health care, particularly preventive care, that caters
to speciﬁc conditions with a high prevalence in each race
would both improve quality of care and potentially lower
cost. Epidemiologic studies of disease prevalence in
different races represent the ﬁrst line in shaping such
customized health care.
Stroke remains one of the leading causes of mortality
and morbidity in the United States as well as worldwide.5
Stroke carries high mortality, and its morbidity is a major
concern in terms of quality of life, health care maintenance,
and cost.5-7 Multiple studies have demonstrated that stroke
is more common among certain races.8-18 The Northern
Manhattan Study not only demonstrated that both African
American and Hispanic participants had twice the inci-
dence of stroke as compared with Caucasian participants
but also that atherosclerotic risk factors appeared to affect
each race differently.9,11,19 In addition, the prevalence of
carotid artery stenosis (CAS), a cause of ischemic stroke,
is also thought to vary by race.19-23 However, few studies
have investigated the presence of clinically signiﬁcant
degrees of CAS in asymptomatic racially diverse popula-
tions.19,21,22 Moreover, studies of this type have reported
relatively small numbers of subjects in racial minority
groups and often did not represent a broad geographic
region.327
Fig 1. Age distribution of the study population.
Fig 2. Racial distribution of study population.
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in a large, racially diverse population of subjects with no
history of stroke, including meaningful numbers of African
American, Hispanic, Asian, and Native American subjects.
The objective of this study was to analyze the variation of
clinically signiﬁcant CAS and its associated risk factors
among different racial groups in a robust population of
subjects who underwent screening for vascular disease.
METHODS
Study population. The study was based on data
provided by Life Line Screening (Independence, Ohio).
The data were provided without any ﬁnancial consider-
ations and without any editorial control over resultant
publications. The study cohort consists of self-referred
individuals who paid for vascular screening tests that were
performed from 2003 to 2008 at more than 20,000 sites.
Individuals completed an extensive questionnaire, which
included information on demographics, smoking, exercise,
cardiovascular risk factors, comorbidities, and family history
of atherosclerosis and vascular disease. All demographic
information obtained from the participants is self-reported
and not veriﬁed with their physician.
Race and ethnicity were self-reported. Hypertension
was deﬁned as physician diagnosis or medication use.
Hypercholesterolemia was deﬁned as physician diagnosis
or medication use. Diabetes was deﬁned as physician diag-
nosis or use of diabetes medication. Subjects who had
smoked 100 cigarettes during their lifetime were consid-
ered to have a smoking history.
Subjects who had a self-reported history of prior stroke
(n ¼ 186,334) or carotid artery intervention (35,801) were
excluded from analysis. Subject <40 years of age or >100
years of age were also excluded from analysis (n ¼ 83,397).
Subjects who had undergone more than one screening
examination were recognized by a deidentiﬁed customer
number, and duplicate tests were excluded from data anal-
ysis. The initial screening test for subjects who underwent
more than one test was used.
Ascertainment of CAS. CAS was deﬁned as stenosis
$50% in either internal carotid artery (ICA) using Duplex
ultrasound velocity criteria (peak systolic velocity $110
cm/s with appropriate plaque and spectral broadening).
Severe CAS was deﬁned as stenosis $80% in either ICA
using Duplex ultrasound velocity criteria (peak systolic
velocity $140 cm/s with appropriate plaque and spectral
broadening). Life Line Screening includes a rigorous
quality-control program, including random audits with
image grading, continuous review of outliers, annual
competencies for imaging modalities, and biannual compe-
tencies for laboratory services.
Statistical analysis. The prevalence of CAS across
various combinations of race, sex, and age is reported using
percentages. Comparisons of CAS by sex, age, and race
were examined by performing c2 test.
Logistic regression was performed to assess the associa-
tion of race with CAS. Odds ratio (OR) and 95% conﬁdence
interval (CI) were calculated for different races usingCaucasian subjects as a reference group overall and stratiﬁed
by sex. Furthermore, multiple logistic regression analysis
was performed controlling for age, smoking, diabetes
mellitus, hypertension, and hypercholesterolemia. Subjects
without a self-identiﬁed race were treated as missing
data in the analysis. Statistical tests were two-sided, and
P # .05 was considered to indicate statistical signiﬁcance.
All statistical analyses were performed with PASW
forWindows, version 18.0 (SPSS Inc, Chicago, Il), SAS soft-
ware for Windows, version 9.12 (SAS Institute, Inc, Cary,
NC), and the R package (R Development Core Team;
http://www.r-project.org).
RESULTS
The original sample consisted of 3,696,778 individuals.
After performing exclusions as delineated in the Methods
section, 3,291,382 subjects were available for analysis.
Population characteristics. Of 3,291,382 subjects,
males comprised 35.5% (1,168,926) and females 64.5%
(2,122,456). The majority (85.1%) were between 51 and
Fig 3. Prevalence of atherosclerotic risk factors in different racial groups. A, Asian; AA, African American; C,
Caucasian; H, Hispanic; NA, Native American.
Table I. Prevalence of carotid artery stenosis (CAS) ($50%) among males and females of different racial groups
Age, years Caucasian Asian African American Hispanic Native American P value
Males 40-50 0.7 0.4 0.9 0.7 1.0 <.001
51-60 1.8 1.1 1.1 1.2 2.3 <.001
61-70 4.1 3.1 2.6 2.8 5.5 <.001
71-80 7.3 5.1 4.8 5.6 10.0 <.001
>81 11.0 5.8 7.5 8.9 13.0 <.001
Females 40-50 0.9 0.9 0.8 0.8 1.1 <.001
51-60 1.7 1.1 1.3 1.1 2.6 <.001
61-70 3.4 2.2 2.6 2.3 4.7 <.001
71-80 5.7 3.5 4.3 4.5 6.7 <.001
>81 7.8 4.6 6.9 6.6 8.4 <.001
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89.9% (2,845,936), African American subjects 3.1%
(97,502), Hispanic subjects 2.4% (75,240), Asian subjects
2.0% (60,982), and Native American subjects 2.8%
(87,757) of the population (Fig 2). The distribution of
traditional atherosclerotic risk factors in the population
varied signiﬁcantly according to race (P < .001; Fig 3).
African American individuals had the highest prevalence of
hypertension and diabetes, whereas Caucasian individuals
had the highest prevalence of hypercholesterolemia and
smoking. Females had a 3.4% prevalence of CAS, whereas
males had a 4.2% prevalence of CAS (P # .001).
Relationship between CAS ($50%), age, sex, and
race. Initial analysis included all subjects with $50% CAS.
In both sexes, the prevalence of CAS increased with age,
although the proportion of subjects with CAS in each
age category was higher in males than in females (Table I
and Fig 4). Males between the ages of 81 and 100 years
had an 11% prevalence of CAS, whereas females in this age
category had a 7.8% prevalence of CAS. In analysis of the
relationship between age, race, and CAS in male subjects,
in males of all ages, Native American subjects had the
highest prevalence of CAS, and Caucasian subjects had thesecond highest prevalence (Fig 5 and Table I). Male
African American subjects had either the lowest or the
second lowest prevalence of CAS in all age groups except
the youngest 40- to 50-year-old cohort.
Female African American subjects, on the other hand,
did not appear to have the same degree of protection
against CAS as did male African American subjects when
compared with other races (Fig 6 and Table I). In female
subjects of all ages, Native American subjects again had
the highest prevalence of CAS, and Caucasian subjects
had the second highest prevalence.
All statistical comparisons of the proportion of CAS in
different races in each age decade were statistically signiﬁ-
cant (P < .001).
Relationship between severe CAD ($80%), age, sex,
and race. Similar analysis was performed for more severe
degrees of CAS, equivalent to $80% by duplex criteria.
The prevalence of severe CAS increased with age. Males
between the ages of 81 and 100 years had a 5.7% preva-
lence of severe CAS, whereas females in this age category
had 3.6% prevalence.
In analysis of severe stenosis, the prevalence was lower
than for moderate stenosis, but otherwise there was little
Fig 4. Relationship between age, gender, and carotid artery stenosis (CAS) ($50%).
Fig 5. Relationship between race, carotid artery stenosis (CAS) ($50%), and age in male subjects. A, Asian; AA,
African American; C, Caucasian; H, Hispanic; NA, Native American.
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(Table II). In males of all ages, Native American individ-
uals again had the highest prevalence of severe CAS, and
Caucasian individuals had the second highest prevalence.
African American males had the lowest prevalence of
severe CAS in age groups >60 years, whereas female
African American subjects did not have the lowest preva-
lence of severe CAS in any age group compared with
females of other races. In female subjects of all ages, Native
American subjects again had the highest prevalence of
severe CAS, and Caucasian subjects had the second high-
est prevalence.
All statistical comparisons of the proportion of CAS in
different races in each age decade were statistically signiﬁ-
cant (P < .001).Univariate and multivariate ORs. In univariate anal-
ysis using the Caucasian population as the reference group,
African American, Asian, and Hispanic subjects were signif-
icantly less likely to develop CAS ($50%), with unadjusted
ORs of 0.64, 0.52, and 0.56, respectively (Table III).
Conversely, Native American subjects were more likely to
have CAS with an unadjusted OR of 1.6 compared with
Caucasian subjects. Similar analysis of more severe CAS
($80%) revealed similar unadjusted ORs (Table III).
When stratiﬁed by gender, unadjusted ORs for developing
CAS in Hispanic, Asian, and Native American subjects
compared with Caucasian subjects were essentially equiv-
alent in male and female subjects of those races. However,
African American males were more likely to develop CAS
than African American females, with unadjusted ORs
Fig 6. Relationship between race, carotid artery stenosis (CAS) ($50%), and age in female subjects. A, Asian; AA,
African American; C, Caucasian; H, Hispanic; NA, Native American.
Table II. Prevalence of severe carotid artery stenosis (CAS) ($80%) among males and females of different racial groups
Age Caucasian Asian African American Hispanic Native American P value
Males 40-50 0.2 0.2 0.1 0 0.2 <.001
51-60 0.7 0.5 0.4 0.4 1.1 <.001
61-70 1.9 1 1.2 1.4 2.6 <.001
71-80 3.6 2.2 2.5 2.6 5.1 <.001
>81 5.7 3.6 4.5 4 6.7 <.001
Females 40-50 0.2 0.2 0.1 0.2 0.3 <.001
51-60 0.6 0.4 0.3 0.2 0.9 <.001
61-70 1.4 1 0.8 0.8 2.1 <.001
71-80 2.5 2 1.9 1.5 3 <.001
>81 3.6 3.1 3.1 1.8 3.9 <.001
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0.7, respectively (Table IV). All comparisons were statisti-
cally signiﬁcant.
Multivariate analysis was performed, adjusting for
smoking history, diabetes, hypercholesterolemia, hyperten-
sion, and age. Adjusted ORs for the prevalence of CAS
compared with Caucasian subjects were again markedly
reduced in African American, Hispanic, and Asian subjects
and were signiﬁcantly increased in Native American
subjects (Table V). All comparisons were statistically
signiﬁcant.
When comparing the unadjusted and adjusted ORs in
each individual race, the adjusted OR for Native American
subjects (1.3) was decreased compared with the unadjusted
OR (1.6), likely indicating a signiﬁcant effect of increased
overall medical comorbidities in this group. Thus, approx-
imately half of the increased prevalence of CAS in Native
American subjects can be attributed to medical comorbid-
ities; the other half is presumably related to lifestyle and/or
genetic factors. The unadjusted (.64) and adjusted (.65)
ORs for African American subjects were essentially
unchanged. Adjusted ORs for Asian and Hispanic subjects(.69 and .74, respectively) were less favorable than the
unadjusted ORs (.52 and .56, respectively).
Effect of other atherosclerotic risk factors on the
prevalence of CAS in different races. Multivariate anal-
ysis was used to determine the effects of traditional athero-
sclerotic risk factors upon the development of CAS in the
different races. In all races, increasing age was noted to
be the most signiﬁcant risk factor, with an adjusted OR
of 5.9 for subjects >70 years. A smoking history, diabetes,
hypertension, and hypercholesterolemia all were signiﬁcant
independent predictors of CAS, with adjusted ORs of 1.9,
1.6, 1.6, and 1.4, respectively. The associations of tradi-
tional risk factors with the presence of CAS were nearly
identical across all races (Table VI).
DISCUSSION
Stroke remains a major health care concern in the
United States and around the world. Carotid artery disease
is believed to be responsible for anywhere from 20% to 75%
of ischemic stroke in the United States.24,25 The ability to
treat CAS with either surgical or endovascular revasculari-
zation when clinically appropriate affords the ability to
Table III. Unadjusted odds ratios (ORs) comparing other races to Caucasians with regard to the prevalence of carotid
artery stenosis (CAS)
OR for carotid
stenosis >50% 95% CI P value
OR for carotid
stenosis >80% 95% CI P value
Caucasian 1 1
African American 0.64 0.61-0.67 <.001 0.59 0.55-0.63 <.001
Hispanic 0.56 0.53-0.59 <.001 0.48 0.44-0.52 <.001
Asian 0.52 0.49-0.56 <.001 0.46 0.42-0.50 <.001
Native American 1.6 1.56-1.65 <.001 1.7 1.61-1.75 <.001
CI, Conﬁdence interval.
Table IV. Unadjusted odds ratios (ORs) comparing other races to Caucasians with regard to the prevalence of carotid
artery stenosis (CAS), stratiﬁed by gender
Caucasian African American Hispanic Asian Native American
Females
OR 1 0.7 0.57 0.52 1.63
95% CI 0.67-0.74 0.54-0.61 0.48-0.56 1.57-1.69
P value <.001 <.001 <.001 <.001
Males
OR 1 0.55 0.55 0.54 1.65
95% CI 0.51-0.59 0.51-0.6 0.51-0.59 1.57-1.74
P value <.001 <.001 <.001 <.001
CI, Conﬁdence interval.
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ence of signiﬁcant plaque at the carotid bifurcation serves
as a marker for systemic atherosclerosis and identiﬁes
subjects who should be aggressively treated with pharma-
cologic and lifestyle risk-reduction strategies.
Rates of stroke in different races. Cardiovascular
diseases are the leading cause of death in the United States,
and disproportionate rates are seen in racial and ethnic
minority populations.26 Multiple studies in the literature
document different rates of stroke in different races
(Table VII).8-18 The majority of these studies demon-
strated an increased risk of stroke in African American and
Hispanic subjects compared with Caucasian subjects. The
Northern Manhattan Study group reported that black
subjects had a 2.4-fold and Hispanic subjects had a twofold
increase in stroke incidence compared with white
subjects.11 They also noted that atherosclerotic risk factors
appeared to affect different ethnic groups in different
ways.9,11,19
The reasons for the increased risk of stroke in particular
racial and ethnic populations are unclear. A recent report
from the Reasons for Geographic and Racial Differences
in Stroke Investigators encompassing more than 25,000
subjects reported that at age 45 years, incident stroke risk
was nearly three times more likely in black participants
than in white participants.27 Approximately half of the
racial disparity in stroke risk was believed to be attributable
to traditional risks factors, including hypertension and
socioeconomic factors. Therefore, the remaining half of
the excess stroke risk in blacks was not explainable from
these points of view. Whether they represent inherentdifferences in biology or genetic predisposition, are reﬂec-
tive of different susceptibilities to atherosclerotic precur-
sors, or are related to lifestyle and/or socioeconomic
factors is unclear.
Carotid artery disease in different races. Fewer
reports in the literature report disparities in carotid artery
disease among different races (Table VIII).19-23 Several of
these have dealt with intima media thickness (IMT) as
opposed to actual carotid plaque. As part of the Northern
Manhattan Stroke Study, 526 stroke-free black, white, and
Hispanic residents were studied.19 Themaximal ICA plaque
thickness was examined. The study reported that the mean
maximal ICAplaque thickness was greater inwhite and black
subjects than in Hispanic subjects. After controlling for
smoking, glucose, cholesterol, and hypertension, Hispanic
race ethnicity was still an independent determinant of less
carotid plaque.
As part of the Insulin Resistance Atherosclerosis Study,
ICA IMT and common carotid artery (CCA) IMT were
assessed in1020nondiabetic participants.20Black participants
had signiﬁcantly greater CCA IMT than non-Hispanic white
participants, and Hispanic subjects had signiﬁcantly lesser
CCA IMT than non-Hispanic white subjects. These differ-
ences remained signiﬁcant after adjustment for traditional
atherosclerotic risk factors.
Racial differences in carotid artery disease have been re-
ported in non-U.S. populations as well. In a study from
Amsterdam, a hospital-based population of 668 subjects
was analyzed. The authors concluded that there is an asso-
ciation between white race and the presence of CAS.22 Not
only in black but also in Asian subjects, the association with
Table V. Multivariate analysis: adjusted odds ratios (ORs) comparing other races to Caucasians with regard to the
prevalence of carotid artery stenosis (CAS) (adjusted for smoking, diabetes, hypercholesterolemia, hypertension, and age)
Unadjusted OR 95% CI Adjusted OR 95% CI P value
Caucasian 1 1
African American 0.64 0.61-0.67 0.65 0.62-0.68 <.0001
Hispanic 0.56 0.53-0.59 0.74 0.70-0.78 <.0001
Asian 0.52 0.49-0.56 0.69 0.65-0.73 <.0001
Native American 1.6 1.56-1.65 1.3 1.25-1.34 <.0001
CI, Conﬁdence interval.
Table VI. Adjusted odds ratios (ORs) for other atherosclerotic risk factors and their effects on the development of
carotid artery stenosis (CAS) in different races
Asian Hispanic African American Native American Caucasian
Smoking history 1.86 1.86 1.86 1.86 1.87
Diabetes 1.56 1.56 1.57 1.57 1.6
Hypercholesterolemia 1.44 1.44 1.43 1.43 1.44
Hypertension 1.61 1.61 1.61 1.61 1.64
Age 50 and older 1.74 1.74 1.74 1.74 1.78
Age 60 and older 3.35 3.35 3.35 3.33 3.39
Age 70 and older 5.89 5.88 5.89 5.82 5.9
Age 80 and older 9.42 9.4 9.4 9.2 9.4
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age, gender, hypertension, and smoking. In the United
Kingdom, an additional study analyzed CCA and ICA
IMT and plaque in 306 healthy black and 281 healthy
white subjects.23 The CCA IMT was higher in black
subjects compared with white subjects after controlling
for both cardiovascular risk factors and socioeconomic
status. However, the presence of actual carotid artery pla-
que was noted to be more common in white subjects
(OR, 2.9; 95% CI; 1.41-5.96).
The only prior study of which we are aware that looked
at clinically signiﬁcant degrees of CAS was performed in
Los Angeles County General Hospital.21 Carotid artery
ultrasound scans performed in 1006 hospitalized subjects
were reviewed. The indications for examinations were vari-
able, with 31% performed for stroke, 15% for TIA, 4% for
amaurosis fugax, and 16% for syncope; thus, many of these
subjects had symptomatic cerebrovascular disease. The
authors noted that 21.5% of Caucasian subjects had
>59% stenosis compared with 10.1% of Hispanic, 8.7% of
black, and 10.7% of Asian subjects (P < .001). The indica-
tions for ordering the test, subject age, and gender did not
vary signiﬁcantly by race. When critical carotid stenosis was
examined, 9.2% of Caucasian subjects had >79% stenosis
compared with 4.3% of Hispanic, 2.9% of black, and
2.8% of Asian subjects (P < .001). The authors concluded
that signiﬁcant differences in the degree of CAS exist
among ethnic groups and that Caucasian subjects had
a statistically higher likelihood of having severe or critical
levels of stenosis.
There are few data on the U.S. Native American pop-
ulation with regard to carotid artery disease and stroke.
The Strong Heart Study studied 4549 Native Americansand reported that, compared with U.S. white and black
subjects, Native American subjects have a higher incidence
of stroke.28 The case-fatality rate for ﬁrst stroke was also
higher in Native American subjects than in the U.S. white
or black populations.28
In the literature, along with reported disproportion in
rate of stroke in different races, there are also reports of
disparity of care.29-32 A study from the Veteran Affairs
Administration demonstrated that black subjects with
stroke were less likely to have an imaging study of their
carotid arteries.30 A more recent study from the Massachu-
setts General Hospital also came to the conclusion that
black subjects with stroke received fewer evidence-based
care processes than did Hispanic or white subjects.29
Results of the present study. The present study, with
a robust population, echoes the results of the Los Angeles
County General Hospital study.21 Caucasian individuals
appear to be more predisposed toward extracranial athero-
sclerotic occlusive disease thanmost other races. Our report,
with at least 60,000 subjects in each racial group, is by far the
largest study analyzing carotid artery disease and race. An
additional advantage of our report is that we describe
a screening cohort of subjects who never had a stroke, as
opposed to hospitalized subjects with symptomatic cere-
brovascular disease. Thus, our results likely are more reﬂec-
tive of the true prevalence of occult carotid artery
atherosclerosis, at least within our screening population.
Caucasian individuals have a signiﬁcantly increased preva-
lence of signiﬁcant CAS compared with African American,
Hispanic, andAsian populations. These results are consistent
across gender and age. This information adds evidence to the
hypothesis that the increased stroke rate in African American
subjects and other races is not related to an increased
Table VII. Representative literature reporting disparities in stroke incidence among different racial-ethnic populations
Author and year Data source Results
Howard et al8 1994 National Longitudinal Mortality Study Black subjects had the highest relative risk of stroke
mortality compared with white and Hispanic subjects.
Sacco et al9 1995 Northern Manhattan Stroke Study Atherosclerotic stroke was more prevalent in Hispanic
and black participants compared with white participants.
Extracranial atherosclerotic stroke was similar among
the three races; however, intracranial disease was more
frequent in black and Hispanic participants.
Frey et al10 1998 Barrow Neurological Institute
stroke database (n ¼ 1716)
Prevalence of stroke types varied among white, Hispanic,
and Native American individuals. Lacunar stroke is more
prevalent in Native American subjects. Cardioembolic
stroke is more prevalent in white subjects. Hemorrhagic
stroke is more prevalent in Hispanic subjects. Native
American subjects had the lowest mean age
at stroke onset.
Sacco et al11 1998 Northern Manhattan Stroke Study Average annual age-adjusted incidence rate for stroke
was greater for black and Hispanic participants than
for white participants.
Among men, black and Hispanic individuals had a
twofold increase in age-adjusted relative risk of stroke
compared with white subjects. Among women, black
and Hispanic subjects were also found to have at least
twice the incidence rates of stroke as white subjects.
Heuschmann et al12 2008 South London Stroke Register
(n ¼ 2874, 63% white
and 28% black)
Total stroke incidence in the population decreased over
the 10-year study. A similar decline in total stroke
incidence was observed in whites for men and women.
In black participants, total stroke incidence was reduced
only in women. Total stroke incidence was higher
in black subjects compared with white subjects.
Lisabeth et al13 2008 Brain Attack Surveillance in Corpus
Christi (BASIC) project
There was no ethnic difference in the distribution
of stroke type. Mexican American women had
signiﬁcantly elevated total stroke risk compared
with non-Hispanic white women.
Cushman et al14 2008 Reasons for Geographic and Racial
Differences in Stroke Study
Black participants had a greater age- and sex-adjusted
mean 10-year predicted stroke probability than
white subjects.
Glymour et al15 2008 Health and Retirement Study participants
(n ¼ 20,661, reported ﬁrst stroke 2175)
Black participants had a 48% greater risk of ﬁrst stroke
incidence than white participants. Adjustment for
adult socioeconomic measures attenuated racial
differences to a marginal degree.
Rincon et al16 2009 Northern Manhattan Stroke Study Relative incidence rate for intracranial atherosclerotic
stroke was higher among black and Hispanic
individuals than for extracranial atherosclerotic stroke.
Kleindorfer et al17 2010 Greater Cincinnati/Northern Kentucky Black subjects had higher stroke incidence than white
subjects. When stratiﬁed by race and stroke subtype,
this change was driven by a decrease in ischemic stroke
incidence among white subjects, whereas ischemic
stroke incidence in black subjects was unchanged.
Howard et al8 20111 Reason for Geographic And Racial
Differences in Stroke national
cohort study-REGARDS
Overall age-sex-adjusted black/white subjects stroke
IRR was 1.51. Black/white subjects stroke IRR varied
by age bracket, with stroke IRR of 4.02 for ages
45-54 years and 0.85 for 85þ years.
IRR, Incidence rate ratio.
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potential etiologies of stroke in these racial groups include
hypertension and intracranial small vessel disease.
Different races have diverse patterns of atherosclerotic
risk factors; our results are no different in this regard.
However, in multivariate analysis controlling for age and
atherosclerotic risk factors, statistically signiﬁcant ﬁndings
persist. The risk of CAS appears to be reduced approxi-
mately 30% in African American, Asian, and Hispanicsubjects compared with Caucasian subjects. Our results
also demonstrated differences in the risks of developing
CAS between African American males and females
compared with males and females of other races. African
American males appear to be somewhat more protected
against CAS than African American females (unadjusted
OR of 0.55 in males and 0.7 in females compared with
Caucasian subjects). Furthermore, when comparing unad-
justed and adjusted ORs for other races compared with
Table VIII. Representative literature reporting disparities in carotid artery disease among different racial-ethnic
populations
Author and year Data source Studied ethnicities Results
D’Agostino et al20 1996 Insulin Resistance Atherosclerosis
Study (n ¼ 1625)
White, black, Hispanic Black participants had signiﬁcantly greater
CCA IMT than non-Hispanic white
participants.
Hispanic participants had signiﬁcantly
lower CCA IMT than non-Hispanic
white participants.
There were no signiﬁcant differences
in ICA IMT between black or Hispanic
vs non-Hispanic white participants.
Sacco et al19 1997 Northern Manhattan
Stroke Study
White, black, Hispanic Average maximum ICA plaque thickness
increased directly with age and was
greater in white and black subjects
than Hispanic subjects.
After risk factor adjustment, Hispanic
(vs non-Hispanic) race-ethnicity was
still an independent determinant
of less carotid plaque.
Wang et al21 2000 Los Angeles County
General Hospital
White, Hispanic,
black, Asian
There were signiﬁcant differences
in the degree of carotid stenosis
among ethnic groups.
Caucasian subjects showed a statistically
higher likelihood of having a severe
or critical level of stenosis.
Wolma et al22 2009 Academic Medical Centre,
Amsterdam
White, black, Asian,
other
White subjects have a higher odds ratio
to have CAS. In black and in Asian subjects,
the association with CAS was substantially
lower.
Mackinnon et al23 2010 Family practices in South
London, St. George’s
University of London
White, black CCA IMT was higher in black compared
with white individuals. Carotid
bifurcation and ICA IMT were also
increased in black subjects.
In contrast, carotid plaque was more
common in white individuals.
CAS, Carotid artery stenosis; CCA, common carotid artery; ICA, internal carotid artery; IMT, intima media thickness.
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African Americans subjects were equivalent, likely indi-
cating a relatively minor overall effect of aggregate
concomitant atherosclerotic disease. In the Hispanic and
Asian populations, the adjusted ORs were less favorable
than the unadjusted ORs, likely indicating a beneﬁcial
effect of fewer aggregate concomitant atherosclerotic
precursors in these cohorts. Finally, in the Native American
populations, the adjusted OR was more favorable than the
unadjusted OR, likely indicating a detrimental effect of
concomitant atherosclerotic precursors in this population.
Although our results demonstrate different rates of
atherosclerotic risk factors in different races, the ORs for
these other factors with regard to their association with
the prevalence of CAS is remarkably similar across races.
This would appear to demonstrate that different races have
similar susceptibilities to the atherosclerotic effects upon
the carotid arteries of these other risk factors, including
smoking, hypertension, diabetes, and hypercholesterolemia.
Finally, the present study represents a novel report of
an increased risk of CAS in Native American subjects
compared with Caucasian participants (adjusted OR,1.3). Further analysis of this cohort is warranted; it is
possible that other factors such as diet and socioeconomic
status are important in this regard.
Study limitations. The study population consists of
self-referred individuals who paid for their screening tests,
raising the issue of selection bias. A majority of female
subjects is represented, and the proportion of minority
subjects represented does not match the overall proportion
of racial minorities in the U.S. population. If this screening
population represented a wealthier or better-educated
group, then perhaps this segment of the population would
have a lower prevalence of disease than a less-educated or
more socioeconomically disadvantaged cohort. Alterna-
tively, it is possible that these subjects were motivated to
undergo vascular screening examinations because they
harbored some known risk factors for vascular disease. The
exact effect of these biases cannot be completely eluci-
dated. However, we cannot deﬁnitively prove that the data
presented in this screening population represent the
general population of the United States. Of note, however,
the prevalence of risk factors measured in the current study
mirror those of the population of the United States.
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Examination Surveyda survey of the civilian, noninstitu-
tionalized population of the United Statesdthe Life Line
database had a similar prevalence of cardiovascular risk
factors, including hypertension (45% and 45%), hyperlip-
idemia (45% and 51%), diabetes mellitus (10% and 11%),
and current smoking (20% and 22%).5
We did not control for socioeconomic status and life-
style parameters such as diet and exercise. However, the
speciﬁc effects of socioeconomic status, diet, and exercise
on the development of carotid artery disease are not well
delineated in the literature, as opposed to the atheroscle-
rotic factors for which we did control. Additionally, the
fact that all study subjects paid out of pocket for their
examinations likely at least partially equalized difﬁcult-to-
assess factors such as socioeconomic status.
The present study also has several strengths, including
a large number of women and men and subjects of different
races across the country. This allows excellent power
yielding and better precision of prevalence estimates, and
facilitates adjustment for multiple covariates. Importantly,
all subjects had vascular screening studies using simple
noninvasive validated procedures that have high sensitivity
and speciﬁcity for the diagnosis of CAS.
CONCLUSIONS
The prevalence of CAS varies signiﬁcantly by race.
Native American and Caucasian individuals have the high-
est prevalence of CAS, whereas African American males
and Asian females appear to have the lowest prevalence.
When adjusting for age and atherosclerotic risk factors,
African American, Asian, and Hispanic subjects are
approximately 30% less likely to have signiﬁcant CAS,
whereas Native American subjects are 30% more likely to
have CAS than Caucasian subjects. The effects of other
atherosclerotic risk factors upon the development of CAS
appear to be similar among different races. Increasing
age is the most signiﬁcant factor in the development of
CAS, across all races.
This information adds evidence to the hypothesis that
the increased stroke rate in African American individuals
and other races is not related to an increased prevalence
of extracranial cerebrovascular disease. Furthermore, this
is a novel report of an extremely high rate of CAS in Native
American individuals. Future work will attempt to elucidate
whether lifestyle factors such as diet and exercise can
account for some of these ﬁndings, or whether a racial
predisposition truly exists. Finally, as the minority popula-
tion in the United States continues to increase, awareness
of the prevalence of peripheral atherosclerotic disease in
different races represents an important knowledge base
for future public health decisions.
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